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FRUIT-FROST WORK IN THE GRAND VALLEY OF COLORADO. 

By ANDREW M. HAMRICK, Meteorologist. 
[Weather Bureau, Davenport, Iowa, Sept. 10,1821.] 

sg/. ,5-74 : 6 3 44 I( 78‘) 

About 10 years ago the Grand Valley of Colorado was 
the center of one of the most active orchard-heating 
cam aigns then being conducted in the fruit belts of 
the bmted States. Mr. E. S. Nichols, the meteorologist 
at Grand Junction, spared neither time nor labor in de- 
veloping a system of forecasting, and dissemination of 
warnings, which was as nearly perfect as the facilities of 
the Bureau would permit. 

Hundreds of fruit rowers througliou t the valley 
were warned of expecte % frosts, and thoustmds of dollars 
were spent each year in orchard heating. Frei h t  rates, 
labor, and fuel were cheap a t  that time, and t 5 e prices 
received for fruit were relatively high. Consequently 
every effort was eser!ed to protect as much fruit as 

. Peach, a mot ,  peer, and ap le orchards possible rani Vineland and $ alisade down the vu R ey to Loma 
and Garmesa were heated by artificial means whenever 
there mas indication of the temperature falling much 
below the freezing point. 

However, as is usually tlie case in all mutteis which 
are more or less for the ublic’s good, there were :I few 
growers here and there w % o did not enter into the s irit 
of the campaign. Sometimes tlis was due to lac[ of 
funds to purchase the smudge pots and fuel; sometimes 
due to a disinclination to engage in the arduous duties 
connected with smudgin - and, sometimes due to the 
grower’s individual disbegef in the efficacy of “heating 

When harvest time arrived, it was often learned that 
the noiisniudger fared almost equally as well ns the 
smudger in securing a good crop, and the cost of the 
smudging operations represented an additional profit to 
the grower who did not smudge. Of course, where 
orchard heating was carried on on such a lwge scde a 
few growers scattered throughout the district could 
refuse to smudge and yet their orchards would reap the 
benefits of the combined efforts of their neighbors, 
principally, because the difference in teniperature be- 
tween a heated and a nonheated orchard would soon set 
up a circulation of air beneficial alike to all concerned. 

There was an inclination on the part of the non- 
smudgers to boast of their success (another coninion 
trait of this class of slackers) in saving the labor and ex- 
pense of smud g, and year after year new converts 

Then came the World War, with its resultant high 
frei h t  rates, high labor wages, and high cost of fuel, 
whi f e tlie price of fruit (as it affected tlie producers), 
did not increase proportionately. Especially was this 
true of the more common fruits-a ples and pears. As 

orchard heating. In  the upper part of t e valley, 
around Vineland and Palisade, the early a ricots, 

the increase$ cost of production and marketing, and 

conditions, 

&U-out-do0rs8.” 

were added to t 7.Y e side that did not smudge. 

a result, all a ple growers in the P ower valley stacked 
up their smu a ge pots, and abandoned the rclctice of 

peaches, and some early ears sold for so muc R more 
than apples er box that t 1 e groweis were able to meet 

R 

few trees in their gardens. And; even in the Palisade 
district, heating was not general. Nearly three-fourths 
of the growers wit,hin that area did not re are to smudge, 
thus leaving the heated orchards so %ad; y scattered as 
to diminish greatly the effectiveness of the practice. 

Nevertheless, the Weather Bureau did not curtail its 
service to the growers who desired frost warnings; even, 
in fact improved it by the development of formulse for 
predicting the mininium t.eniperatures which mi h t  be 
espected each morning.’ This latter work ha 8 been 
prosecuted during the war by Mr. E. S. Nichols, who had 
carried out and elaborated upon suggestions made by 
Prof. J. Warren Smith coiiceniing the relation between 
hy omet.ric data aiid miniruum temperatures, until he 

yet highly accurate if the state of IventIer for the following 
moniing were definitely foretold. 

Early in the spring of 1921, tlie Grand Junction Weather 
Bureau office sent out notices to the effect that the Bureau 
would be glad to furnish warnings tuid predictions of 
espected minimum temperat.ures to all who cared to 
receive them. As a result 32 fruit urowers who intended 
to smudge asked to be listed for t&phonic advices, and 
18 growers who do iiot smud e re uested the service. 
The people on the list mere t o g e  a c h e d  only on dates 
when dan erous temperatures were espected to occur; 

issued by mail, mid also disscminated throu h the daily 
newspapers. The full list was notified on eig B t occasions 
during tlie spring. However, niany who were not on the 
list called for inCormation, as is evidenced by the fact 
that during one afternoon preceding a cold night in A ril 
S1 incoming tvlephone culls were answered and 11 cal P em 
i!i erson talrcri care of. 

fn  addit.ion to the telephone and published warnin 
wrvice, a special service was inaugurated at Pa l i s a f  
Arrangements were made with the Pnlisade Electric Li ht 
& Power Co. whereby a whistle warning was to be soun $ ed 
whenever the temperature drop ed to a de ee low 

Actin upon advic.c.s from t i e Weather Bureau office in 

rounds of observinu sevwal thermometers on critical 
nights, and he wouh iii!’,.mn the engineer at  the light 
plant whenever conditions warranted sounding the 
alarm. 

2lhthod of forecasting m:inimum temywat~:res.-Mr. E. S. 
Nic.liols had charted on large sheets of cross-section paper 
numerous observations of past seasons for each of the 
nine substations in the valley. Onc diagram for the rela- 
tion between the hygroniet ;.ic data at  the Weather Bureau 
office and the eiisuiw niiiiimum temperatures at the sub- 
station and another &gram for the relation between the 
maximum temperatures at  Grnnd Junction and the ensu- 
ing minimum tern eratures at  the substation. (See 

grams were obtained by means of the formula y = a + bR, 
which has been trsplained several times in the MONTHLY 
WEATHER  REVIEW,^ especially the issues of August, 1917, 
and May, 1918, and the maxmum temperature diagrams 
were repared from the data of actual observations at 
Gran a Junction and the substations. 

hac $ perfected tl system which was sim le of operation and 

011 other f ates the routine forecasts aiid warnings were 

enough to rnnke i t  iiecessar to &lit the smu !f ge pots. 

Gram !? Junction, a volunteer watchman would make the 

samples, fig. 1.) T K e data used in the hygrometric di& 

1 Mo. WEATHER REV., M.ir 1918. pp. 21%2%. 
see supplement NO. 16, X u .  
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Frost?. 

Free-hand curves were drawn throu h the plotted 

the smoother curves of the mathematical formule. In  
this way all the unexplainable variations and de artures 
which occur in the data can readily be seen an CF consid- 
ered, while in the curve drawn from a formula they are 
smoothed out. For instance, if a nuniber of observations 
are I f  bunched " at a certain point on the cliagram, prob- 
ab1 as a result of some peculiar local condition not yet 

central point when his observation strikes the curve in 
its vicinity. 

Different symbols were used for charting each month's 
data, and t.he forecaster can t,hus make allowances to 
each side of the curve to suit conditions best, and strike 
an even better average for a given month, or for a given 
decade in an particular month. Also, sep.arate curves 

noon data being charted in red ink m d  the evening datx 
in black ink. 

The preliminary advices, issued at 1:OO . m., were 

rule, conrlitioiial. That is, the growers were informed 
that the indications were for a niinimum of, sa 28' at a 
certain station, if the sky remained clear,'" etc. In  
making the evening predictions the forecaster had the 
benefit of the information which t.he evening weather 
map conveyed, and also the telegra hic advices froni the 

what the state of weather would bo on the following 
morning. 

allowing the owem ample time to make al repnra- 

light their smudges should the evening predictions indi- 
cate such action necessary. 

The predicted minima at S . m. were usually the means 

vations a t  noon, and a t  6 o'clock, anL the maximum 
which occurred during the afternoon. As an example, 
refer to the diagram for Fruita, Colo. (fig. 1, left). 
With a noon relative humidity observation of 23 

oint of 17O, on a day in the 
Patter part of April: &ace upward on the 23 line to 
the noon curve, as near as possible to the center of the 
group of white s mres, go to the left from the noon curve 

the dew point, 17, Gives a predicted minimum of 27" for 
the following mornmg. In like manner follow out the 
6 p. m. observation: Relative humidity, 30 per cent; 
dew point, 25'. Going up the 30 line to the evenkg 
curve (center of black s uares), and across to the left one 

minimum. Tho maximum temperature for the date in 
question hap ened to be 57' a t  Grand Junction. 'In the 

Junction are charted against the following minima at 
Fruita. Goinm up the 57 line to the center of the April 
s;pmbols (blacE squares), but inclining toward the center 
of the black dots because of the date being in the last 
decade of April, one finds that the linemeets the curve 
a t  2S0. Averaging three values thus obtained gives a 
highly satisfactory result if clear weather prevails on the 
morning following the observations. 

The same system, if carried out on the Palisade ilia- 
grams, gives an average of 34' for a predicted mininium 
at that station. 

When cloudy weather is expected the forecaster must 
modify his predictions accordingly. In most cases, when 

observations to represent an average, rat B er than to use 

ful T y understood, the forecasters can iucliiie toward this 

were drawn 9 or the nooii and evsniiig observations; the 

based upon the regular noon observation an B were, as a 

district forecaster at  Denver, to ai t; him in determining 

rurpose Of 
tions during t r e afternoon and thus be in reainess to 

of the three values secured P rom the hy ometric obser- 

The 1:00 p. m. advices were issued for the 

r 
er cent and a dew 

and one finds t % e trace comes out at+10; adding 10 to 

finds +3, which adde 2 to 25 gives 28' as a probable 

lower left o P the same diagram the maxima at Grand 

I1 clear, 
crpeet 

mean 01 
( a b h  c) 
F. 

there was a reasonable doubt about the state of weather, 
the forecasts were ualified by stating that "if the sky 
is clear a t  - a. m., %e following minimum tem eretures 
may be expected," and the smudgers were noti R ed to set 
thew alarms at  the designated hour so they could arise 
and make an observation of the sky. If clear at  the 
hour desi nated the forecasts could in variably be relied 
upon, a n f  smudges were lighted; if cloudy, the smudger 
could again retire. That plan worked very nicely, and 
thus saved the growers as well as the Weather Bureau 
officials the inconvenience of remainin on guard through- 

previously referred to, made the observations of the 
shtte of weather at  the d(:signated hour, acting under 
instructions from the Westlier Bureau office, aud he 
attended to the sounding of the whistle alarm. 

A form (Table 1 )  was printed on Ma A, and each day 

the diflerent processes and entered thereon for con- 
vcnieiice in anuwerinf: telcphonc. inquiries. The data for 
April 27, 1921, are given as an example. On the follow- 
ing morning thc minTum temperatures and their 
departures from the predicted were entered, as were also 
tlie maxima at  tlie substations. (It  must be remem- 
bered that the substation nict_uhiia play no part in the 
forniula, 1iowevc.r. The cross-section paper diagrams 
arc made from observations based on the relation be- 
tween niiniiiium temperatures at  the substations and 
all other data a t  the Weather Bureau office in Grand 
Junction.) 

TABLE 1 --Siibsfnlion reports, April 27, 1921. 

out the night. In Pdisade the vo 7 unteer watchman, 

the espected minima were coniputed P or all stations by 

OF. 

25 

:{ 
w 

I 31 

.28 
31 

O F .  

- 
-1 

{ 
2 6 1  

-1 
2 9 3  

0 
2 8 2  

S 
0 

1 E x p e c t  

I--- 
D. P. curve. 

Station. I- I I- 

?i 
S i  
25 
32 
25 
54 
.is 

Hunter.. ..... 
Loma.. ...... 
Omhard Mesa. 
Palisade.. .... 
Redlands.. ... 
omcc ........ _I I 

P01U6110.. .... { 

I- 
Clifton.. ...... 29 
Frulta ....... I E I 2 I 2-5 
Fruitvale.. -. . , SG 

25 
25 
27 (a 
31 
25 
25 
32 

-- ~ - -- 

- 
Max. 

yesester- 
day. 

- 
O F .  

- 
56 
80 

b 58 
59 
e5 
68 
53 
53 
56 
55 
- 

1 Add 3' because 01 chm in loestiou of station since iwves were repared. New 
2 At old station, now closed. location 3O warmer thm od?aa a rule. Station moved in i ccembr, I&. 

Egects of low temnperatu.ras d w i y  the sprinq of 1921 .-The 
fruit growers ex erienced a most remarkahle season dur- 

mulated temperature exccss was 200'; at the close of 
February i t  was 289"; and a t  the close of March, 472'. 
Below normal temperatures set in about March 24, and 
continued throughout April, the accumulated excess since 
the first of the year being +343' on A ril 30. 

and March forced the fruit buds so rapidly that by March 
18 a ricots were in full bloom and peaches were be inning 

of apricot blossoming equals the early record for the val- 
ley, namely, tshe year 1910. 

Freezing temperatures occurred several times after the 
fruit was udvmced sufEciently to be endan ered, but 

ing the spring o P 1921. A t  the close of January the accu- 

The relatively warm weather during Jp anuary, February, 

to slow the pink. According to many growers t % e date 

nearly always some unexpected meteorologica f condition 
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Clifton ..._.._._. .._.._..I 3 
Fru!ta ._...__.__ 19 i 17 
Friutvale _....._ 20 25 

Loma.. . . . . . . -. . 1 17 
Hunter ........_ IS 1 21 

17 j 

a r o ~  to offset the usual &e& of low temperatures. On 
at least three different occasions rains and snows preceded 
the cold spells in the valley, and the condensation of a 
bountiful supply of aqueous vapor liberated enough latent 
heat to protect the crop? In other instances B strong 

up at the o portune time to ink “canyon breeze ” 
the aw and prevent muc further cooEng after dangerously 
low temperatures had been reached. 
As an illustration of the narrow escape from total loss 

observe the following table showing minimum tenipera- 
tures for March and April, 1921. After the 1st of Ma-y 
onl one station reported a minimum temperature of 32’ 
or ;g elow, and that station (Loma) was in the estreme 
lower end of the valley where little fruit is now grown. 

spran% 

37 UrehardMe sa... ....._.. 23 55 
3.1 l’alisac!e ___.__.. 24 24 3Y 
35 I’ornoiia _.__..._ 17 21 35 

32 Grand Ju~iction. 23 2s 38 
315 I RedlPnds .._._.. 21 21 BS 

Lowest during month. J.owst during month. 
- -  statiom. 

MA.’ -4pri1. ~ a y .  
0 1 -  I ’ I . !  i 

The Smudging Cormnittee’s Report of 1912 sets the 
dan erous temperature lines for peaches as follows: 
Bu f s swelling, 15’; buds in the pink, 22’; full bloom, 
29’; peach setting, 31’; drop in the shuck, 31’. For 
a ples: B U ~  separating, 200; i u f  in tlie pinlr, 250; full 
broom, 30’; fruit formmg, 30’; petds dropping, 31’. 

Since temperatures several degrees below these danger 
lines occurred during the period of development, it  is 
remarkable that such an excellent crop of fruit is being 
harvested during the present season. 

Other authorities ive somewhat lower critical tem- 
eratures than those a i  % ove quoted, but there are so many 

!?actors aside from the actual tcm >ersturc which entcr 

focal study and experiment, perhaps apply best to  t i e  
Grand Valley. For example, a teiiiperat-ure of 2‘3’ 
might seriously injure peaches when in full blooin in 
the arid climate of the Grand Vdley and at  an oleribtion 
of 4,600 feet, while at  the lower elevation and in thc 
more humid atmosphere of the Pacific coast the same 
fruit might withstand a temperature 8s low as 

When it was learned that, in several instances. severe 
freezes failed to materialize on account of an abundant 
supply of moisture in the o r c h d s ,  a few growers esperi- 
mented by spraying their trees with water instead uf 
smudgin on nights when freezing teniperatures were 
indicatef. The results were unsatisfactory, however, 
and later most of the fruit dropped from the trees which 
were sprayed. It was the intention to form a coating 
of ice around the fruit, thus holding its temperature at 32O, 
but failure was due, probably, to the fact that the 
experiment covered a too limited area, and the coolin 

ice formation. Moreover, ice can cool to below 32’, and 
if the fruit were not kept incased in ice throughout the 
entire period of low temperatures that night it was 
sub’ect to more cold than would have been experienced 
un d er natural conditions. 

into the freezin of fruit on trees t 1 i t i t  each locality is ti 
roblem in itse K f ,  and these values, arrived a t  thou-h 

effect of eva oration more than offset the warmt E 
derived throug 5i freeing of latent heat in the process of 

8 Wold air menta severe lreeze.’s Mo. WFATEEB REV., April, 1921. 

‘See NichoU E. 8.: Damage by frost in we&em Colorado, Yo. W E A ~ S  REV., 
4 Farmer. JUllcriR No. 1w. 

April, 19l8, p. dos. 

A survey of the valley was made after the frost season 
of 1921, and it was learned that 29 growers in the vicinity 
of Palisade (representing a total of 200 acres) li hted 
their smudge-pots durin the spring, acting upon a f vices 

In the lower valley, where orchard heating has been 
discontinued, there seemed to be no further need for 
maintaining special meteorological stations, and therefore 
the s ecial stations a t  Lonia, Runter, Pomona, Redlands, 
and grchard Mesa, Colo., were closed on June 1, 1921. 
It is not thought that orchard heating will ever again be 
po ular throughout the valley. 

8ver 900 carloads of Elberta peaches were harvested 
in the Grand Valley in 1921, and over 400 carloads of 
pears, notwithstanding the fact that t,he record of 
minimum temperatures which occurred durin the 
season of blossoming would, at  that time, have in d icated 
ti total loss. 

In  t-his connection it may be stated that it is highly 
probable that irrigation is playin5 an important part. 

conditions better for fruit raising without 
in artificial makini enting in the Grand Valley. Year after year 
since 1911 more land hns been artificially watered. 
The relative humidity is thus increased over a large area, 
mcl this is fnvoritble to the forniation of local fog and 
clouds, and also to the liberaition of considarnble naturtil 
heat in the processes of condensation and frost formation. 
A map showing the Grand Valley ap eared in the 
MoNTHLY WEATHER REVIEW, for Novem B er, 1915, page 
563. 

sent out by the Weather B ureau office. 

DISCUSSION. 

By E. 8. NICEOLS, Meteorologist. 
[Weather Bureau, Stan Jose, Calif., Sept. 24,1921.1 

Acting on suggestion by Mr. Hamick, I am submitting 
the following remarks, not to controvert, but to supple- 
ment those niade by him. 

Even more than hlr. Htmrick does, I should empha- 
size econoinic conditions nnd results of experience in 
ex laining the decline of orchard heating in the Grand 
V&ey 

My first spring in the valley was that of 1911, at which 
time our fruit-frost service had been established only in a 
very inEormal manner. Orchard heating was a t  its 
height, though not by any means universal in the dis- 
trict. Unusually cold weather occurred during April: 
orchard temperatures as low CLS 15’ and 16’ were recorded 
in laces on the 13th; and vigorous heating was practiced 

without evident adequate profit in the way of increased 
returns from the fruit crop, particularly in the apple 
districts. Consequently man rowers in those districts 
failed to prepare to “sniudgeX furing the season of 1912. 

I thought that a revival of orchard heating would re- 
sult from improvement in the Weather Bureau’s fore- 
casting and warning systeni and from better methods 
of heating and increase of knowledge regarding its re- 
sults. In  later years there were temporary revivals; but 
a combination of conditions revented general resump- 

depression through which the frmt industry passed during 
several years, but, particularly in its lower sections, it 
had serious problems of its own. Also, experience has 
shown that, often a s ring freeze kills only a portion of 
the fruit in an orcharz’ and a full crop may be matured 
from a small percentage of the blossoms. 

nig R t after night.e Much fuel and labor was expended 

tion. For not only did the v Bp ley suffer from the general 

6 See Yo WEATHER REV A p . ,  1911 39591. 
1 Sea Mi. WEATEES RE;., auppkmh No. 16, p. 37, and Yr. Hamrick’s report for 

1921. 


